Abstract
55
OTA is a widespread mycotoxin and it is frequently found in many common substrates 56 in human diet such as cereals, grapes and derivatives, coffee, fruits, nuts and spices as Aspergillus ochraceus was considered for a long time the main OTA producer of
63
Aspergillus section Circumdati (Pitt, 2000) . However, Frisvad et al. (2004) reported A. 64 steynii and A. westerdijkiae as two new species included in this section which were able 65 to produce OTA. In our group, the ability of these three species to produce OTA has 66 been confirmed and, particularly A. steynii seemed to be the most important OTA 67 producer of section Circumdati. Most of the strains of this species were capable of 68 producing the toxin at levels 100 and 1000 times higher than those reached by A. The molecule of OTA is formed by a dihydroisocoumarin moiety linked to a 74 phenylalanine by an amide linkage (IUPAC, 1992) . Despite the importance of this toxic A. steynii strain 3.53 was cultured in 100 ml Erlenmeyer flasks with 20 ml of Sabouraud
139
Broth (Pronadisa, Spain) at 28±1ºC on orbital shaker (120 rpm) for 2 days. Mycelia was 140 harvested by filtration through Whatman paper nº1 and kept at -80ºC for DNA isolation.
141
Filtrate mycelia were frozen with liquid nitrogen and grinded using a mortar and a 142 pestle. Genomic DNA extraction was performed starting from 100 mg of grinded 143 mycelia following the protocol described by Querol et al. (1992 replicates were performed for each strain and day of incubation.
159
Nucleic acid (DNA and RNA) concentrations were determined using a NanoDrop®
160
ND-1000 spectrophotometer (Nanodrop Technologies, USA).
162

PCR amplification, cloning and sequencing
163
All PCR amplifications performed in this work were carried out in an Eppendorf 
168
Two µl of DNA at a concentration of 50 ng/µl were added to the master mix in each 169 case.
170
PCR products were detected in agarose ethidium bromide gels in TAE 1X buffer (Tris-171 acetate 40 mM and EDTA 1.0 mM) at the appropriate percentage of agarose (1-2.5%).
172
The GeneRuler 1 kb DNA ladder (Biotools, Spain) was used as molecular size marker.
173
Bands were purified from the gel before cloning using the QIAquick Gel Extraction Kit
174
(QIAgen, Spain). 
Amplification of a gene encoding a P450 in Aspergillus steynii
187
The complete ORF encoding a putative P450, p450-B03 gene, involved in OTA 
Quantification of gene expression by real-time RT-PCR
226
The expression of the three genes identified by genome walking in A. steynii as well as 227 of a internal control gene, encoding ß-tubulin were studied using new specific real time
228
RT-PCR protocols. RNA extraction and cDNA preparation were performed as 229 described above. Gene expression of the three genes was quantified in two OTA-
230
producing strains (3.53 and Aso2) and one non-producing isolate (CBS 112813).
231
Normalized quantification was performed and all data were shown related to the 
238
The primer sets were designed on the basis of the cDNA sequences of this work or the The assays were carried out and monitored in an ABI PRISM 7900HT system (Applied 
RESULTS AND DISCUSSION
276
The knowledge of the genes involved in mycotoxin biosynthetic pathways is essential 277 since transcriptional regulation seems to be the crucial step on mycotoxin production by 278 fungi (Miller and Linz, 2005) .
279
In this work, we identified and described for the first time the complete sequence of 280 three genes, and their flanking regions, putatively involved in OTA biosynthesis by A. 
287
The ORF of the p450ste gene and its cDNA were 1822 and 1542 bp long, respectively.
288
This cDNA sequence showed an identity of 78.7% with the 1545 bp long cDNA of the 
297
The predicted P450STE protein had 513 aminoacids and showed the characteristic 298 motifs of this cytochrome P450 superfamily, including the three essential P450 299 consensus sequences: the heme-binding loop (F-X-X-G-X-R-X-C-X-G), the conserved 300 a condensation (C) domains, whereas the second module only had A and PCP domains.
motif of K helix (E-X-X-R) and the proton transfer group (A/G-G-X-E/D-T-T/S)
333
The A domains have the 10 conserved motives which are located around the active sites showing a 93% of coverage. In contrast, less than 10% identity was found when 358 compared to the OTA biosynthetic genes reported in Penicillium species.
359
The pksste cDNA predicted a protein of 2553 amino acids. The highest identity (77%)
360
was obtained with the hypothetical protein deduced from the lc35-12 partial gene of A. 
365
The analysis of PKSSTE protein sequence predicted a typical fungal multi-domain type 366 I PKS (Chiang et al. 2010 
383
The expression patterns of these three genes were consistent with a coordinated mode of 384 regulation and correlated positively with OTA production. These expression patterns
385
were analysed by real time RT-PCR in permissive conditions for OTA production.
386
Specific protocols were developed for each gene (table 2) . In all cases, relative were between 99.6 and 100.4 % (table 2) and no primer-dimers were detected in any of 390 the dissociation curves performed. Therefore, the three protocols described can be 391 considered highly optimized. In all cases, the differences between the efficiency of ß-392 tubulin amplification and the others genes were less than 10%, therefore, the 2 -∆∆CT
393
method was applied to analyse the expression of the three genes (Schmittgen and Livak, 394 2008). The study was performed using two A. steynii capable of producing OTA (Aso2 395 and 3.53) as well as a non-producing strain (CBS 112813) along 3-7 days of culture.
396
The results indicated a coordinated pattern of expression for the three genes at high 397 levels by the OTA-producing strains and the expression rate was positively related to
398
OTA concentration detected in the media after 6 days of incubation (Figure 2 
